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Container for Transport of Plutonium and Uranyl Nitrate Solutions 



In the transport of radioactive substances, exacting requirements are 
imposed on the packaging, in order to avoid escape of the radioactive contents 
even under accident conditions. This applies especially also to containers for 
transport of liquid fissionable substances such as plutonium nitrate and uranyl 
nitrate solutions. Such containers, under national and international regulations, 
must be such that after a drop from a height of 9 meters and an ensuing half- 
hour of fire at 800°C, tight enclosure of the radioactive material Is maintained. 
In the case of fissionable material, there is the added requirement of positively 
avoiding occurrence of a critical state, that is to say a chain reaction, under both 
normal and accident conditions. Further, provision must be made to carry off the 
heat generated by radioactive decay. In the transport of plutonium nitrate 
solution, moreover, account must be taken of the pressure build-up due to 
radlolysls. 

According to the known prior art, containers for transport of plutonium 
nitrate solution consist of an inner container and a protective container 
surrounding it. The inner container is configured as a long, cylindrical pressure 
vessel approximately 12 cm in diameter. The limitation to this diameter prevents 
the occurrence of a critical state. The protective container either forms an 
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indissoluble unit with the inner container or is constructed as a separate 
container. Inside the inner container, the plutonium nitrate solution is placed. In a 
known embodiment, in a plastic bottle. 

Disadvantages of the known embodiments are: 

Low capacity of only approx. 10 liters plutonium nitrate solution, owing to 

the limitation to a safe diameter of approx. 12 cm, and 

Hindrance of heat removal from the inner container, owing to the heavy 

insulation of the protective container as required or reasons of fire 

prevention. 

The present invention accomplishes the object of creating a container that, 
subject to unrestricted observance of the safety regulations, comprises a 
substantially higher capacity, and also permits transport of plutonium solution 
having a high output of heat of decay. 

The subject of the invention is a container for transport of bottles of liquid 
plutonium nitrate and uranyl nitrate solutions, consisting of an inner container and 
a protective container enclosing it, characterized in that the inner container 
contains a filler of neutron-absorbing material, comprising a plurality of holes to 
accommodate bottles of the nuclear fuel. 

The solution of the problem posed, then, as to enhancement of capacity, 
consists in arranging a filler of neutron-abs orbing ma terial in the inner container, 
comprising a plurality of holes to accommodate the bottles containing the 
solution. The neutron-absorbing material of the filler acts in known manner to 
avoid interaction between the bottles and hence the generation of a critical state. 
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Since under accident conditions it must be expected that the bottles may leak, 
the filler must fill the interior of the container in such manner that In any arbitrary 
orientation, no greater gap than approx. 3 cm (safe thickness of layer) and no 
greater diameter than approx. 12 cm (safe diameter) can be occupied by the 
solution of fissionable material. 

The inner container consists for example of stainless steel, or ordinary 
steel with a corrosion-resistant coating. 

The filler may for example consist of: 

Steel or aluminum with an addition of from 0. 1 to 5% boron, or 

An organic material in which a neutron-absorbing material such as boron 

or cadmium is finely distributed, or 

An organic material into which sheets of neutron-shielding material such 

as cadmium or sintered B 4 C/aluminum are inserted. 

Examples of suitable organic materials for the filler are polyvinyl chloride, 
polytetrafluoroethylene, silicone rubber and epoxide resins. 

The problem of heat removal, which of course is especially serious in the 
case of a container of high capacity, is solved in that apertures are arranged in 
the protective container at both ends, making possible a natural circulation of air 
in the annular gap between inner and protective containers. In contrast to an 
omnilaterally closed, insulating protective container, heat stagnation and 
associated high internal temperature are avoided. The apertures are arranged 
oblique to the axis of the container. That has the effect that in an accidental fire, 
where the heat transfer takes place almost exclusively by radiation, no direct 
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radiation acts on the inner container. The function of the insulating protective 
container is therefore unimpaired. The insulating protective container consists 
for example of wood, phenolic resin or vermiculite inside a thin-walled sheet steel 
housing. 

The drawings illustrate possible embodiments by way of example and in 
simplified form. In particular, it will be noted that the invention, besides the 
arrangement of seven bottles in the container as shown, Is suitable also for 
transport of some other number of bottles. In the drawings, 

Fig. 1 shows a longitudinal section of the inner container, 
Fig. 2 shows a cross-section of the inner container, 
Fig. 3 shows a cross-section of another variant of the inner container, and 
Fig. 4 shows a longitudinal section of the inner and the protective containers. 
The inner container shown in Figs. 1 and 2 is configured as a cylindrical 
pressure vessel (1) with flanged lid (2) and seal (3). It contains a filler (4) with 
neutron-absorbing material. In holes (5) in the filler, bottles (6) containing the 
fissionable solution (7) are placed. 

Fig. 3 shows a variant of the filler (4) where the neutron-absorbing 
material is inserted in the form of sheet metal webs (8) extending over the entire 
length of the inner container. 

In Fig. 4, the inner container is represented together with the insulating 
protective container (9). At the ends there are apertures (10); webs (11) serve 
to center the inner container in the protective container. The circulation of air in 
the container is indicated by arrows. 
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Claims 

1 . Container for transport of bottles of liquid plutonium nitrate and uranyl 
nitrate solutions, consisting of an inner container and a protective 
container surrounding the same, characterized in that the inner container 
contains a filler with neutron-absorbing material, comprising, a plurality of 
holes to accommodate the bottles of nuclear fuel. 

2. Container according to claim 1, characterized In that the filler consists of 
steel or aluminum with an additive of from 0.1 to 5% boron. 

3. Container according to claim 1 , characterized Fn that the filler consists of 
an organic material with neutron-absorbing material finely distributed 
therein. 

4. Container according to claim 1 , characterized in that the filler consists of 
an organic material into which sheets of neutron-absorbing materials such 
as cadmium and/or sintered B 4 C/aIumlnum are inserted. 

5. Container according to any of claims 1 to 4, characterized in that the 
. protective container comprises apertures inclined to the axis of the 

container at both ends in order to produce a flow of air around the inner 
container. 

Frankfurt-am-Main, 5 January 1973 
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TRANSNUKUSAn OHDH 2300620 
Grosaauhclm, StadtteAl Wolfgang 



Behtflter zu» Transport von Plutonium- 
und Uranylnitratitf 9 ungen 



Belai Transport radioaktivar St of fa verdon hohe Ant or de run-on 
an dio Verpackung ^eatellt, un auch un^ar Unf allbedlngungen 
ein En tv© ion an dea radioaktiven Xnhaltee »u vermoiden, Dies 
gilt insbesondoro auch ftlr Behttlter zuta Transport flUesiger 
Spaltstorre vie Plutoniumnitr&t- untt Uranylni tratXtiaungsn. 
Soloho Ben alter wuaaen aufgrund dor nationalen und Internationa- 
Ion Voraohrirten *o boacnaffen pain, dass naoh dines Fall auo 
9 m Htfhe und slnem anscbXieeaenden ha lb standi gen Fetiar toil 
800 a Q die di elite Urns chlioe sung dea radioaktiven Materials er- 
.halten bleibt. Bex apaltbarem Material kommt die Fordo rung 
hlnzu, d a » Bntstehen einea kritischen Zuatandea , daa Jieleet 
einer Kettenreaktion, vmter Normal- und Uhf allbedlngungen tait 
Slcherhelt au vennoidon, Ferner niuaa dnftlr geaorgt warden, 
die aufgrund dea radioaktiven Zerfalla ontetenende VSrrae ab- 
zuleiton, Belm Transport von PlutonlumnitretXttaung iat auaaerden 
der Druckaufbau duroh RadloXyse zu beach ten, 

Naoh dam bekanntcn Stand dor Taohnik baatehen BehaXtar sum 
Transport von Plutonlumnltrat-Ltfaung ana elnan Innenbehalter * 
und einera dleeen urngebenden Soh-ntzbehtttter. Dor Innenb enactor 
1st ala 1 anger Kylindriaeher Drucxbehalt ar mit einem Dureh- 
ineaaer von ca* 12 cm auagebildet* Burch die .BaaohrHnkung auf 
dtesen Dureoneaser vird die Ausblldung elnea kritischen Zu* 
standee verhlndcrt. Dor Schutzbe baiter blldet mlt den Innenbe- 
halLtr entwcuvr eine unlilabare felnhaix oder 1st ala separator 
Bahalter auagefilhrt* Innerhalb dea Innenbehal tore befindet aich 
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die Plutonlumnltrat-Ufeung bei einer bekannten AuafUhrun**- 
form In einer Kuna t&tofrriaache ♦ 

Nachteilig an deri bekannten AuefUhrungsf ormen let 

~ die ffarin^c Kap&zltltt von nur oa. 10 1 PlutoniunvU tra t- 
Ltfsung, bedinfft durch die Deschr^nkunff auf den aicheren 
Durchmeaaer von oa. 12 cm und 

• die Behlnderun* dar Varneahfuhr aua dam Innenbeh&lter, 
badlngt duroh <fie aua. Feu ar a chutz-Crilnd an erf order Hche 
atarke Xsollerang des SchutubehHltera . 

Our oh dio vorli ©sonde £rflndun ff wird die Auf gab o gel Bat, 
alnen BohHlter zu schaffen, der unter un a In ge a chrJinkter Be-> 
aohtung dor Sioherhei tsvorschrif ton cine veaentllch grOaaere 
Kapazit&t aufveiat und auoli den Traneport- von Plutonium- 
Ldeuiuj nit hohwr Zo*t al lew£rmelele tung erlaubt. 

Gegenatand dar Ertlndixng 1st eir. Beh&ltor sun Traneport von 
Flaschen mii flUaslgen PlutOnlumnitrat- und Uranylnl trat- 
Ltfsungen, beetehend aua alnem Innenbeh&lter und elnem dieaen 
umgebenden Sehutzbeh&lter » daduroh £ekennzeicbnet , daaa der 
InnanbehaJ.ter einan FCLUkorper nit ne utr one nab a or bier end em 
Material anthill t, dar zur Aufnan»e dar Plaoohon wit dan Xern- 
brannatoff ©ino Vielzahl von Bohrungen auXvelet. 

Die Ltfsung der geatollten Aufgabe baataht alao hlnelohtllch 
der Brhtfhun^ der Kap&zltat darin, in Innenbehitlter einan 
FUllkBrper aua neutronenaboorblerendem Material anauordnen, 
der zur Aurnafame der dio LUsun^ enthaltonden Plascheu eine 
Vielzahl von Bohxungen aufvoist, Das neutronenabaorbierende 
Material dea Fttllkarpera vlrkt in bakannter *eiae dafein£ehend # 
eine Vechaelwlrkung zviscbon den Flaschcn zu vemelden und 
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damlt die AuablXdung sines krltiscbon Zustendea Zu untar- 
binden. Da unter Unfa 11 be din gunmen darait ^erechnat warden 
muss, daa* dtp Flaachen aualaufen, muafl dor FUllktfrper don 
Innonraun dee Bthttltdn ao auaftlllen, daae bei Joder belle- 
bigen Ori ontierung keine grtfsseron Spalto aid oa. 3 cm 
(aiohcre Sohiohtdlcko ) und koine gr3*oeren Durchmeaaer ala 
oa* 12 cm (aichortr Dtirobmaaser ) von der Spalte tof f xasung 
eingenoninen warden konnen* 

Der Innenbeh&lter beateht belepielBuelae aua ro 9 tfrotom Stahl 
Oder Normal a tahl mit einem korroaionsbeataxidigen th>er?ug» 

Der FUllkdrper kann beisplolawelee be Bt eh en aus 

m % Stalil Oder Aluminium mit einem Zusatz von 0 # 1 ble 5 56 Bor,odor 

- aue einom organiachan Warketoff , in den ein neutronen- 
Hbsorbieranda* Material, vie Dor Oder Kadnlum fein ver- 
teilt 1st, Oder 

- aus einem organischen Verkstoff, in den Bloeha aus neu~ 
tronenabachiraienden Verkstoffen urie Kadmlum oder gesin- 
terteia C/Aluulnlum eingefUgt slnd» 

Oaaignata organiaehe Verkatoffo fttr den FUllkb'rper alnd 
beiepielavoise PolyvlnylchXorld , PoXytetrafluorMthylen* 
Sllikonkautsenuk und Bpoxidtaarze. 

Daa Problem der VSrmeabf uhr , daa ja bei einem Boh&Xter hoher 
Kapazlt&t be Bond ere gravlerend let, vird dadurcfc geltfet, daaa 
ira SchutasbehttXter an beidon Stirnaoltan Durohbrttobo angeord- 
nat verden, dureh die ein natiirXicber LuftuuXauf lm RingapaXt 
. zvieohen Xnnen- und Scbutxbeuttlt er ermbgllcbi: vird, .Jm Gegen- 
♦ sat* an dan all 0 el tig geeobloaoenen, laoXleranden Scnutxbe- 
bkxter vird ein Yorueatau und eino damlt verbundena bone In- 
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nentemperatur vermieden. Die DurchbrUche alnd eonxag sur Do- 
halterachee angeordnet. Die©, bevirkt, dass im Unf alif euar r bel 
dam der ¥armaUbergang fast auaechlieaalleh durch Strahlung er- 
folgt, keina dlrekte Strahlung auf den Innonbahal ter einvlrkt. 
Die Funktion dea ieolierenden Sohutzbehaltera wird deshalb 
nicht beelntrachtigt. Der laoXleronde Sohutzbehaltor besteht 
beiepieXeveiae ana Holz, PhenoXhax* oder Vermikulit innerhalb 
.elnea dttnnwandigen Stahlblechtfehiiuee * - 

Die Zeiohnungen voranschaulichen belapleXhaft und - verginfaoht 
ntfgliohe Ausfilhrangaformen. Inabesondere aei darauf hinge vie^ 
sen, dass die Brandling neben dor dargestellten Anordnung 
ven sleben Flaachen lm Behttltar auoh ftlr den Transport einer 
anderen Ansahl von Flasohen geelgnet 1st. Ee zoigt 



Figur 1 einan LUngaaahn±tt durch den Innonbehsj. ter 

Piffur 2 einan Querechnltt durch don Innenbc halter 

Figur 3. elnen Querechnitt durch eine andere Variant© 

dee Znnanb eh Bit era 
Figur 4 einan Langaaehnitt durch den I*men~ uiid don 

Schut*behaXter, 

Der in den Flguren 1 und 2 dargestellte InnenbohaJLter iet die 
aylindriacher Druokbehalter (1) mit Flanechdeckel (2) und 
Blehtung (3) ausgebildet, fcr enthalt elnen Fullkorper (k) 
nit neutrononabaorbiarendett Material, m fiohrungen (5) dea 
FUllkorpers befinden aich die Flasohen (6), die die Spalt- 
etofflosung (7) enthalten. 

Figur 3 zelgt eine Variant a dea FUllkdrpora (4). bei dam 

daa neutranenabaorbierande Material in Form von Blechetegen (8) 

eingefUgt ist, die aioh ttber die ganze Unge dea Znnenbehaltera 

erstreeken. 
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P a t a n t a n a p r U o h e 

{TT^BsWlltsr zum Transport vou Flaschen mlt fltUalgen 

Mntoniumnitrat- und Vranylnitrat-Ltfaunfsn, bestehand 
auo einem Jjinsnbehttlter und einem dleaen uugabcndan 
Scnntzbahfcltsr, daduroh eekenxizeicJinet, dass dor Innsn- 
bsnttltar olnsn FOllkBrpor mlt neiitronena*sorblarendom 
Material «nthiil* t d«r sur A\xfm*hmn dor Flaochan wit dam 
Xornbronnstoir ola« Vl*l*ahl von Bohruagcn auxvaist. 

2- BehSlter nach Ansprncn 1 f dadurch sakannzeiclwat, daaa 
dor Fttllkorpar aus Stabl Oder Aluminium nit el-nem Bor- 
xusatz von 0,1 bis 5 £ beatoUt, 

3+ BeHttltor nach AnopruoJi 1, dadurch gakennzeiohnet , das a 
dor FtUlkSrper aiis einem ox^anlsoHon VerkstofT mlt daxin 
folnvArtoiltem Acutranonabsorblercmden Hats rial beat«ht. 

BahSlter nach Anspruch 1, dadurch gokonnwichnet, dass 
<l«r FUXlktfrpar aus «lnem or ff aniach*n VerkstoW bestaht, in 
den Blacha bub netitrtmanabsorblerenden Yerkstoffsn wis 
Xadmium und/oder e«aintart«n Q/Aliiminlum elngefli^* alnd. 

5- iBshaitor nacH einem dex Anspriicha 1 Mo 4, dadurch xeJkeiux- 
«0±ohnet, dass der SchutsbehSlter sur Brzsugung «inaa Luft- 
©trams* lam dea Xnnanbehiiltor an balden fitirnsaltett z»r Oa- 
liaiterachae ffenol^ta Durchbriiche aurvelat. 



Frankfurt/Main, 5*1*1973 
' Br*Si-Bi 
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